Abstract: 2-Substituted benzimidazoles were synthesized in a single pot from aromatic aldehydes and o-phenylenediamine catalyzed by FeCl 3 /Al 2 O 3 in DMF at ambient temperature attained good yields and high selectivity.
Introduction
Benzimidazole derivatives are important intermediates with their good biological and pharmacological properties in the organic synthesis 1 . They exhibit significant activity against several viruses such as HIV 2 herpes (HSV-1) 3 and RNA influenza 4 . Methods of benzimidazole synthesis include the condensation of o-aryldiamines and carboxylic acids 5 or its derivatives 6 in the presence of strong acids and even sometimes combined with very high temperature 7 . The other method is that benzimidazoles have been prepared by classical cyclocondensation of o-phenylenediamine and aldehydes under oxidative conditions employing sulfamic acids 8 , I 2 9 , In(OTf) 3 10 , Sc(OTf) 3 11 , activated carbon 12 , FeCl 3 , silica-supported thionyl chloride 27 and SDS 28 as catalysts. Unfortunately, some of these methods have one or more drawbacks such as expensive reagents, drastic reaction conditions, low yields, tedious work up procedures and co-occurrence of several side reactions. Therefore, the discovery of mild and practical routes for synthesis of 2-substituted benzimidazoles continues to attract the attention of researchers.
Catalysts and reagents supported on inorganic substrates have received increasing attention in recent years as a means to develop more convenient or selective catalysts or reagents 29 . As reported in previous papers, ferric chloride adsorbed on alumina has been used as the catalyst in the preparation of 2-amino-2-hydroxy-1,1'-binaphthyl 30 
Experimental
All chemicals were obtained from commercial suppliers and used without further purification. Melting points were uncorrected. 1 H NMR spectra were recorded on a Bruker AVANCE 600 (600 MHz) spectrometer using TMS as internal standard and DMSO-d 6 as solvent. Mass spectra were determined on a Agilent Technologies 6310 Lon Trap LC/MS.
Preparation of the catalyst (FeCl 3 /Al 2 O 3 )
The FeCl 3 /Al 2 O 3 was prepared by reported method 33 by mixing with ~10% its weight of hydrated ferric chloride (FeCl 3 . 6H 2 O) 8 g in acetone (72 mL) and adding 43.2 g neutral Al 2 O 3 . The mixture was stirred at room temperature for 1 h. The acetone was removed under reduced pressure. The resulting yellow-brown powder was dried at 120 o C for 4 h.
General procedure for the Synthesis of 2-substituted benzimidazoles
o-Phenlyenediamine (1, 1 mmol) and aromatic aldehyde (2, 1 mmol) were dissolved in DMF (2 mL) in a 25 mL tapered Pyrex flask, the FeCl 3 /Al 2 O 3 (160 mg, 0.1 mmol, based on FeCl 3 ) was then added and the mixture was stirred at 25 o C for the specified time as indicated in Table 1 -3. The reaction was followed by TLC. After the completion of the reaction, the mixture was dissolved in ethyl acetate, and the catalyst was removed by filtration and washed with ethyl acetate. The solvent was evaporated under pressure to give the crude product, which was purified by column chromatography on silica gel eluted with petroleum ether or the mixture of EtOAc and petroleum ether. All of the compounds were identified by comparing their melting points with that reported in literatures 8, 24, 27 and characterized by 1 H NMR and mass spectra.
2-(3'-Chlorophenyl)benzimidazole (3c)
Isolated as white crystal. 
2-(2'-Nitrophenyl)benzimidazole (3e)
Isolated as yellow crystal. 1 
2-(3'-Nitrophenyl)benzimidazole (3f)
Isolated as yellow crystal. 
2-(4'-Methylphenyl)benzimidazole (3h)

2-(2'-Furanylphenyl)benzimidazole (3j)
2-(3',4'-Methylenedioxyphenyl)benzimidazole (3k)
Results and Discussion
In order to get the best experimental condition, we have considered the reaction of o-phenylenediamine (1) and benzaldehyde (2a) in the presence of FeCl 3 /Al 2 O 3 with stirring at ambient temperature as a standard model reaction. The effect of solvent on the reaction was studied. As shown in Table 1 , when the reaction was run in DMF, the yield of 2-phenyl-1H-benzimidazole (3a) was found relatively better (Entry 6). Therefore, DMF was selected as the choice of solvent for this reaction. When the reaction was run in nitrogen atmosphere, 3a was obtained in 59% yield (Entry 7). These results suggest that aerial oxygen played an oxidant role in this reaction. 
Operated in nitrogen atmosphere
To verify the efficiency of catalyst loading, we have investigated the effect of the amount of FeCl 3 /Al 2 O 3 on the reaction ( Table 2 ). The present procedure afforded 3a in 85%, 86% and 81% yield when the amount of FeCl 3 /Al 2 O 3 was 0.05 mmol, 0.10 mmol and 0.15 mmol respectively. So we chose 0.1 mmol FeCl 3 /Al 2 O 3 as the optimum amount.
The effect of recycled catalyst was also examined. At the end of the reaction, the catalyst was separated by filtration, thoroughly washed with ethyl acetate and reused under similar conditions. As shown by the formation of 2-phenyl-1H-benzimidazole (3a), there was an appreciable loss in the activity in the reuse of these catalysts (81% on the second run for 10 h and 58% on the third run for 10 h, Entries 6, 7). This is expected mostly because of the leaching of the active catalyst component (i.e. iron) in the entire treatment process 32 . Further work is necessary to strongly bind the active component on the support. Using the present method, a number of 2-substituted arylbenzimidazoles (3a-3k) were synthesized from the condensation of o-phenylenediamine with a series of aromatic aldehydes in excellent yields catalyzed by FeCl 3 /Al 2 O 3 in DMF. As shown in Table 3 , the method was found to be equally effective for aldehydes bearing either electron-donating (Entries 4, 8) or electronwithdrawing substituents (Entry 7). It was found that the reaction time became longer when 2-substituted aromatic aldehydes were employed for the reaction (Entries 2, 5). We assumed that 2-substituents steric property hindered the intermediate imine from further cyclization. Encouraged by these results, the condensation of heteroaryl aldehyde such as furfuraldehyde (2j) and o-phenylenediamine (1) was examined to extend the scope of this method, and 2-(2'-furanyl phenyl)benzimidazole (3j) was obtained in moderate yield (74%) within 4.7 h (Entry 10). 
Conclusion
In summary, we have found a practical procedure for the preparation of 2-substituted benzimidazoles catalyzed by FeCl 3 /Al 2 O 3 stirred at ambient temperature. Our procedure is characterized by milder conditions, shorter reaction time, higher yield and involvement of non toxic and expensive catalyst.
